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(57) Abstract 

A system and method for controOing an individttal's body and tcmpeia&ire are provided. The syston comprises a heat exdiangnr for 
transfierring beat to or lemoving heat fitom pcHtions of the indivktual's body surface, at teast one BCTT-sensing device for measuring the 
infividual's acnia) BCT (aBCT) and emitting an aBCT data signal, at least one sensing device for n^asuring a parameter indicative of the 
heat transfer dynamics (HID) between the body surface and die body's core, and emitting an HTD data signal, and a control module for 
nsceivmg data signal from measuring devices, omiivising the aBCT data signoa) and the HTD data signal, and fa* emitting a cmtrol signal 
for controUmg heat exchange FC'peides of the beat exdungpr as a function of the data signals and a desiied body corn tcropefatnie(dBCT). 
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SYSTEM AND METHOD FOR HEAT CONTROL 
OF A LIVING BODY 



FIELD OF THE INVENTION 

The present inveadon concems a system and method for 
thacmor^iilations of a living body. The system and method of tixe invention 
may be ^pUed to bofli humans and animals. 

5 BACKGROUND OF THE INVENTION AND PRIOR ART 

A living bo(ty can maintain a nonnal body temperature, which in 
humans is about 36.5-37^C, under normal conditions. However, when 
subjected to extreme temperature conditions or to a variety of medical 
treatments, the body may not be able to properly regulate the body 

10 tonpcrature. Tliis is the case, for example: in individuals aq)osed to extrraie 
teQq)erature5; and in a variety of physiological disorders and medical 
conditions (e.g. general anesthesia) where the body loses its abiUty to properly 
regulate the body temperature. 

Hypothermia is a reduction in bocty tmperature which may result fix»n 

15 exposure to a cold enviroimient Mild hypothennia in whidi body's core 
tempoature (namely the temperature of intmial org9ns and tissue within the 
body) is reduced by about 2^C below the normal tanpcralure, commonly 
occurs during and following surgay that is conducted under goieral 
anesthesia, as patients tend to lose body heat due to lowered metabolism and 

20 as a result of e^qwsure of internal body org3ns or tissue, e.g. in an abdominal 
or thoracic cavity, to ambient air. 
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Hypotixennia is expCTienced by more ftan 60% of patiaits after 
surgery, and in some surgical procedures, e.g. open heart suigay, hypothamia 
is experienced by more than 90% of adult patioits. 

Hypothermia can cause various severe physiological problems 
5 inchiding cardiac morbidity, coagulopathy, impaired immune fimction, 
impaired wound healing, shiveririg, altered phaimaconnected properties of 
drugs, 

Hyperthermia, namely increase in bocfy temperature above normal 
levds, may also cause various physiological ^sorders and if extreme, may be 

10 life threatening. 

The clinical need to provide means for body temperature control has 
long been recognized. 

Microclimate Systems Inc., Stanford, MI, U.S A., maricets a soies of 
portable personal cooling systems (sold under the trademarks KOOLVEST, 

15 KOOLJACKET, KOOLBAND, KOOLPAID and others) which are 
intended for use by healthy persons who perform a physical activity in a hot 
environment (see Intraiet http:/Avww.microclimate. com/prodlineiitml or 
htt p!/Avww.r nicrnclimate .coniAvork.htinlV The system consists of a garment 
(it may be a vest, jadcet, daiU cap, a cervical collar, rtc.) witib tubing 

20 embedded flierein in i^iiuch water flows propeUed by a battety 

Water passes throu^ ice or tfiroug^ a cooling device before entering the 
tubing within the garmrat The user can control the pmxp rate, the 
temperature, etc. A siinilar product line is also provided by Mall^ 
St Louis, MO, U.S A. (see Ae Intemet at http://www/mdlinckrodLcoin/ccd) 

25 and others. 

A similar system is disclosed in U.S. Patent 4,807,447 (Macdonald 
et aL). The unique feature of Ais system is that the person's breathing is used 
to operate the refiigerant compressor. 

Vmous systems making use of garments, pads or blankets with heat 
30 transf^- elemmts, e.g. conduits embedded therein, are disclosed in U.S. 
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Patents 3,738^67, 4,094357. 4,094367, 4,149,541, 4.844,072, 5,184,612 
and 5,269369. However, due to various physiological reasons, realized only 
in accordance with Ae present invention and vAdch will be ^ecified fijrtiiCT. 
below, none of the above systems provides adequate control of body 

5 temperature of the individuals in gweral, and of patirats following surgery 
before undertaking general anesdiesia in particular. 

Tbsit is also a need for control of body tmiperature in veterinary 
medicine, particularly tiie control of body temperature during surgery under 
general anesdiesia. Animals, and particularly small animals, occasionally die 

10 following surgery, owing to uncontrolled changes in body temperature. 

GENERAL DESaOPTION OF imiNVEimO 

In the follov^ring, die term "care temperature" will be used to dmote 
the tempa^turc within the bo<fy, namely that of the internal organs and tissue. 
Core temperature is typically measured through the rectum {"rectal 

15 temperature measurement") but may also be measured by inserting probes 
through a variety of other body cavities, e.g. mouth, nasal or ear temperature 
probes. The term "surface temperaivre'* will be used to draote the 
temperature of the external body sur&ce» (which may be that of the skin or, 
where Ae skin has been removed, e.g. in a bum injury, fliat of the most 

20 external layos). It shodd be noted that sur&cetea^)eratureniayvar^ 

different body portions. The surfecc temperature may be measured by a 
variety of tranperature probes inchiding, for exarqple, an infrared sensor 
measuring infrared emission from a specific skin portion, probes attadbed to 
the skin such as a thermo-coi^le devices, thermistor, etc. 

25 In accordance with the presofit mvention, it has be«i realized that a 

major deficiency of prior art themioregulatory devices is that these do not 
sufficiently reconcile the feet that the body is not a passive heat conductor but 
rather ^ssploys intrinsic ^namic physiological thermoregulation mechanisms 
which can diange the heat transfer properties between the body's core and the 
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periphwy. For example, v/bsa exposed to a low tenpoaturc, thCTe is a 
vasoconstriction of peripheral blood vessels, thus reducing blood flow to the 
periphery and thereby reducmg heat transfer betweai the periphery and the 
body's core. In other situations there is vasodilatation resulting in increased 
s blood flow to the periphery above normal levels thus bringing an increase in 
heat transfix rate between the body' s core and the periphery. 

In accordance with the invention, a system and method for the control 
of body temperature is provided. The system and method of the invention 
allows controlled cooling of body temperature, controlled heatmg, as well as 
10 regulatmg an individual's body traipeniture to remain at a desired set 
temperature. It is a unique feature of die invention that it takes into 
consideration the complexity of the heal transfer regiment fiom the skin to the 
body's core. This complexity is manifested by dynamic heat transfer 
properties, namely pltysiological changes which can alter die rate in which 
15 heat can be transfiared between the skin and the body's core. Such heat 
transfer dynamics (HTD) may be detranined by a variety of means, as will be 
illustrated fiirther below. 

In accordance with the invention there is provided a system for 
conHoUing an individual's body axe temperature (BCT) comprising: 
20 - a heat exchange for transfening heat to or removing heat from 

portions of fhe individuai's body sur&ce; 

at least one BCT-sensing device for measuring die indr\ddual's 
actual BCT (aBCT) andemitdng an aBCT data signal; 

at least one sensing device for measuring a parameter indicative 
25 of the heat transfer dynamics (HTD) between die body surface and the body's 
core, and emitting an HTD data signal; and 

a control module for receiving data signals from measuring 
devices, comprising the aBCT data signal and the HTD data signal, and for 
emitting a control signal for controlling heat exchange properties of said heat 
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exdianger as a fimction of the data signals and Ae desixed body core 

tenpaature (dBCT). 

The heat exdiange msy either be provided with an internal heat or cold 

producing capability, e.g. including a Peltier effects modules, or the heat 
5 exchange- may be linked to at least one source of cold and/or hot fluid, which 

fluid then drculates betweoi sudi source and the heat exchanges to transfer 

heat/cold'hetween the exdianger and said source. 

By anoth^ aspect, the present invention provides a method for 

controlling internal body temperature of an individual, comprising the 
10 following steps: 

(a) defining a desired body coretraq;)arature (dBCT); 

(b) providing a heat exdianger and bringing it into contact with at 
least a portion of the individual's txtemdl body surfeice, for heat transfer to or 
heat removal fipom the body portion; 

15 (c) continuousfy measuring parameters including at least the actual 

body core temperature (aBCT) and a parameter indicative of the heat transfer 
dynamics (HTD) between the body's surface and the body' core; and 

(d) in a processcMr, recdving data signals corresponding witii tiie 
measured param^en, ccHnparing the aBCT with the dBCT, defining based 

20 tfiemmwhedia: there is a need fiir heating (»rcoolirig arid omitting a 

signal controlling heat transfix properties of said heat exdiange based on the 
aBCT/dBCT difference and on said HID. 

The control of the heat exchange propoties of said heat exdianger 
may involve change of the heat transfer properties betwera the heat 

25 exchanger and the bocfy surfece which may be achieved, for example, by 
changing the heat conductance parameters between the body's surface and the 
skin, e.g. by pumpfaig or ranoving air into or from air pockets disposed 
b^een heat radiadng^eat absorbing members within the heat exchange 
and the skin; or preferably, by dianging the traipCTature of the heat 

30 exchanger, ^di may eitiier be a reduction in die extent of heating or 
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cooling, halting the heating or cooling operation, or reversing the heating or 
cooling operation into cooling or heating, respectively. In revising, the heat 
exchanger acting first as a heat source will be switdied to become a heat sink, 
or vice versOy thus reversing the direction of heat transfer. 
5 The heat exdianger may, for example, comprise electric heating/ 

cooling devices, eg. Peltier devices and others. Howevor, in accordance with 
a pref^red, non-limiting, embodiment of the invention, the heat exdiangea: is 
of a kind cooqirising one or more conduits or fluid transfer medium for 
passing the heat control fluid therethrough, for transferring heat to or 
10 absorbing heat fix>m the individual's body surfece. The fluid, vAiich is 
typically, tiiough not exchisively, a liquid, e.g. water, may be driven flirough 
the conduits or medium by a pump or any other suitable device thorefor. Such 
fluid thus circulates between the heat exchanger and a heat and/or cold 
source. The heat exchangar is typically flexible to allow it intimate contact 
15 with a body sur&ce for efficient heat transfer therewith. 

In addition to the above noted measuring devices (the BCT sensmg 
device and the device for measuring a parameter indicative of said HTD), the 
system may fiirtiier comprise one or more devices for measuring temperature 
of the circulating fluid and for emitting data signal relating thereto to tiie 
20 controller. At times, where tiie system comprises two or more sudi devices, at 
least one of \^ch may s^e as an inlet temperature sensing device for 
measuring tanperature of the fluid as it entos tiie at least one conduit or fluid 
transf» medram, and at least erne otho* may serve as an outf et t^eiature 
sensing device for measuring tCTap«alure of the fluid as it exits the at least 
25 one conduit or fluid transfer medium. The temperature drop (AT) between the 
g^rmeat's inlet and tiie outiet is a very good indicator of said HTD, since this 
information, together with information on the fluid's flow rate, permits an 
accurate calculation of the heat transfiar between the heat exchanger and the 
bo^, whidi depends on said HTD. Thus, in accordance with a prefenred 
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OTibodiment said AT and the fluid flowrate are used as an HTD-indicating 

parameto:. 

The heat exchange of the invention is typically a gannmt Miiich is 
worn ova- a portion of the individual's body. Typically, the garmoit may be 

5 designed so as to cover at least about 30%, preferably at least about 40% of 
die body's surfiice. In Ais wy, the system of die invention effectively 
stabilizes an indhddual*s body tempaature, at a desired body core 
temperature^ widiin a minimal tolerance. Such a garment may have difl^nent 
forms depending on its intended use. For ^cample, the garmmt may be 

10 designed for use by individuals perming hard labor under extreme hot 
conditions, for the purpose of cooling their body. For such a purpose the 
gannttit has to be relatively flexible so as to limit, as litde as possible, Ae free 
movement of the mdividual. By another example, the garmmt m^ be 
designed for medical use, either for the purpose of reducing core temperature 

15 of individuals havmg a disease witfi a very high fever, for Ae purpose of 
increasing core body traxperature of hypothermic individuals or for both. A 
currently preferred embodiment of die invention is the ^plication of the 
system for control of body tenq>erature of patients during or after general 
anesdiesia. For fliis purpose die heat exchanger, typically in die form of a 

20 garment, may have a wiety of openmgs permitting access for die 
performance of various surgical procedures, for parental administration of 
drugs or fluids or for draina^ of body fluids, (e.g. excretions or blood). 

One example of the use of the syst^ and method of the invoition m 
accordance widi the above referred embodiment, is in open heart surgery. 

25 Open heart suigery typically involves cooling of the body temperature to 
about 32^C. During such surgery die heart's activity is temporarily arrested 
and the blood is circulated darough an artificial heart-lung apparatus. 
Following such surgery, there is a need to increase die body temperature to 
normal temperature as r^idly as possible, since maintaining such a core body 

30 temperature for prolong time periods may be damaging, at times even life 
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threatoiing. Today's medical practice involves, towards the end of the 
surgery, healing of the blood as it circulates through the artificial heart-lung 
apparatus. However, this heating practice has proven insufBciait, as the 
body's core is not suflBciaitly heated in this way, and once the blood is 
5 disconnected fiom tiiis zppmim and allowed to recirculate through the 
reactivated heart, the blood tanpeiature immediately drops. Heating in such 
procedures is typically performed tod^ by tfie use of heated blankets, 
blowing of hot air on the mdividual, eta Overall, the mediods available tod^ 
do not allow an efBcirat monitoring and control of bo^ core temperature. In 
10 accordance wittiAeinvaition,Aebo<fy core temperature may be conto^^ 
cooled during the inhial {diases of the surgery, then m a intaine d at about 32°C 
while applying heating or cooling as needed, and tibcn eventually contcoUabfy 
heated at the end of the surgery to reach normal body temperature. 

Generally, the system and meAod of the invention may be used in 
15 control of patimt's body temperature during the perioperative period in a 
wide range of different surgeries. 

As will no doubt be appreciated, a heat exchanger in die form of a 
garment may typically be designed to have various forms and azes, to meet 
specifications of individuals of various ages, weights, agendas, etc., or to 
20 meet specific requiremmtsofaspedfic medical procedure. 

In addition to use for humans, particularly in human medidne, the 
method and systom of the invention may also find a wide range of 
applications in veterinary medicine. The same problems of resuming nomial 
body tempeiature, as well as a controlled cooling during surgeiy, are also 
25 encountoed in veterinary medicine. As will be appreciated, the heat 
exchanger, typically in the form of a pad, a blanket or garment, may be 
designed to have different shapes, depending on the type of animal, the type 
of surgery, etc. 

A system of the invention for use in ttie operation room, may typically 
30 be designed for exchange of data with other instruments present in die 
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operation room, e.g. import of data idating to blood tempeiabire from 
heart-lung apparatus, import of data relating to heartbeat or blood pressure 
from respective measuring devices, etc. 

The sensing device for measuring a skin param^er indicative of said 
5 HTD (hereinafter refarcd to at tunes as "HTD device"\ msy^ in accordance 
with tfie one embodiment, inchide a device for measuring a temperature at a 
skin portion proximal to a skin portion on which the heat exchanger is 
q>plied. The HID inay tfien be determined, for example, by either one or b(4h 
of 

]0 (i) determining the rate of temperature diange at said skin portion 

following heating or cooling of adjacent skin portions by die heat exchanger, 
or 

(ii) by assessing the rate of change of tempoature difference 
between the skin portion and the core during heating or cooling of the body. 

15 Said HTD device m^, in accordance witii another embodiment of the 

invention, consist of the aforementioned at least two sensing devices for 
measuring temperature of the fluid as it enters the at least one conduit in the 
heat exdhang^ and the temperature as it exits frwi the at least one conduit 
The controller, thus receivmg at least two data signals relating to the 

20 measured temperature, tten calculates said HTD based on die inlets or outl^ 
temperature difiKmitial and on die fluid flow rate, whidi is ddier d^ermined 
by the controls or measured by an sqq>rqpriate measuring device. 

In accordance wifli olfaer embodimoits, said HTD device is adapted for 
measuring a parameter indicative of said HTD, i^ich parameter may be one 

25 of a variety of skin and periphml blood flow parameters. These may be 
determined by many techniques, e.g. by echo doppler signal techniques, skin 
conductance, periphttal blood pressure, skin temperature, skin color, etc. 

One major feature of the mvention relates to die measurements of said 
heat transfer dynamics ^TTD), and taking the heat transfer ^namics into 

30 considoation in die heat control regime of the individual. Specifically, when 
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the HTD parameters point to the occurrence of vasoconstriction, any ^lied 
cooling should be temporarily hatted or reduced At times, it is advantageous 
also to reverse the heat transfia: mode, tenq>orarily heat in a cooling mode. 
This means that a cooling mode will involve occasional heat piilses timed and 
s pattmied according to said HID. 

The system may Imve a usex inter&ce permitting a user to enter a. 
dBCT, namely a tempa:ature set point of tiie system. The user inter&ce msy 
forther comprise control means allowing selective operation of tiie system in 
either an automatic mode, namely in a mode pamitting both cooling or 
10 heating dq)ending on tiie direction or deviation of die aBCT fix>m the dBCT. 
In addition, Ae control means may also typically allow to select a heat only 
mode or a cool only mode. 

Typically, the heating will be limited so tiiat die temperature at the 
surfece of the heat exchanger which is in touch with the body surfece, will not 
15 exceed maximum tempaature, e.g. a temperature of about 40^C and not to 
fell below a minimum temp^^ture, e.g. about 15°C. 

La order to be effective in cooling or heating, the heat exchanger, 
typically in die form of a garment, has to be fitted onto die individual's skin. 
At times, there is a need to wear such a garment for a prolonged period of 
20 time, and diis may give rise to a risk of pressure wounds. In order to 
circumvent diis problem in accofdance with one embodimmt of die 
invention, the heat exdianger has two or more individually flow-controlled 
flow sub-systems, and these sub-systems may thai be used intermittently, 
namely, one system being inflated wifli fluid and used, while the othar being 
25 deflated and dius not exerting pressure on the skin; and vice versa. In 
accordance widi ano&er wnbodiment, the fluid transfer to the gmment is 
temporarily halted for periods of several seconds to minutes in ord« to reduce 
the pressure onto the skin dius reducing currents of pressure. 

In accordance with one mbodiment of the invention, the systmi 
30 comprises an electric in-line fluid heating/cooling unit and die circulation 
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fluid is directed to flow tinou^ said unit for heating or cooling. Heating or 
cooling of the fluid in sudi a unit may also be achieved by means of an 
auxiliary circuIatCHy heat tiansfisr fluid through the intranediary of a heat 
exchanger within said unit In accordance with anoAer embodiment, flie 
5 system comprises at least one cold fluid resoTvoir and at least one hot fluid 
resCTVoir and ccmprises a fluid flow control systm for selectably drawing 
fluid from these reservoirs. One advantage of having indqjendoit hot and 
cold fluid res^oirs, is that ttie switdung between heating and cooling modes 
can be rapid. 

10 In a system comprising independmt hot fluid and cold fluid reservoirs, 

the flow control syston is preferably adq>ted to permit r^um fluid to flow 
back into the reservoir from which it was drawn. It is preferred that during 
switdiing from a cold to hot fluid or vice versa, flie original fluid will flow 
initially to the resai^oir from which it was drawn, and only aftar the warm 

15 fluid has beai e3q)loited will the retumed fluid be directed to the other 
reservoir. Otherwise, the cold reservoir may be heated or the hot resorvoir 
cooled. Hus may be achieved by having a temperature sensing device 
measuring the tempoature of the fluid flowing out of the heat exchanger and 
only when tiiie device measures an abmpt temperature change, wiU the flow 

20 control system b^in to dkect the fluid to the new reservoir. 

In order to undearstand the invention and to see how it may be carried 
out in practice, a pref(»ed anbodnnent will now be desoibed by way of a 
non-Umitmg example only, with occasional reference to the annexed 
drawings: 

25 
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BRIEF DESCRIFnON OF THE DRAWINGS 

Fig. lA is a ganneot in accordance witti an CTibodiment of the 
invratioD. 

Fig. IB is an enlargement of tbe region mariced "B" in Fig. lA with 
5 the two external layos being partially separated for illustrative purposes. 

Fig. 2 illustrates a top view of a laid-open garment, for use in tiie 
system in accordance with an embodiment of tfie invention. 

Fig. 3 is a schematic illustration of tiie garmrat of Fig. 1, ^lied to a 
patient. 

10 Fig. 4 is a side elevation of the patient widiAe ^rmoit of Fig. 3. 

Fig. 5 shows a garment in accordance with another embodiment of the 
invention, in an open state witti the patient lying thereon provided with an 
adhesive matrix- 

Fig. 6 is a sdiematic g^ieral illustration of a system in accordance 
15 with flie invrntiort 

Figp 7 is a schematic side elevation of the system of Fig. 6. 
Fig. 8 is a {Hciodpal sdiematic iUustration of a system in accordance 
with anodier embodimot of the invration. 

Fi^. 9A and 9B show a schematic block diagram of the algorithm 
20 opmting in the systm in accordance witti one embodiment of the invention. 
(Fig 9B is continuum of Fig. 9A). 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

A tqp view of a g^rmmt 2 in accordance witii one embodiment of the 
25 invention shown in an opai layout can be seen in Fig. L Garment 2 is 
designed for fitting over a pcarson^s torso. Garment 2, as can specifically be 
SCOT in Fig. IB, is fiomed with two external layers 4 and 6 defmmg between 
ttiem a fluid passage space 7. The g3rment is provided with a fluid irdet 8 and 
a fluid outlet 10 fi)r respective fluid ingress and egress into and out of the 
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fluid passage space. The gannent is provided with a partition 12 which 
defines a fluid flow-path whidi is rqjresrated schematically by arrowed 
line 14. This fluid is typically wat^ but may also be any othff suitable liquid, 
eg. alcohol, oil, etc., and may also, in other embodiments be a gas, e.g. air. 

5 As can fiiitfa^ be seen in Fig. IB, ftegaiment is formed with a matrix 

of welded pomts 16 vAiac the two external layers 4 and 6 of the gaxmoit 2 
are welded one to anotho: In use the pressure of the fluid fiirces the two 
layers away fiom one another filling fluid in the space between the welded 
points. The welded points rasure the structural integrity of the two layers and 

10 fiirtho- OTSure some resistance to fluid flow and consequently substantially 
even distribution of fluid flow through the garment's entire fluid passage 
space 7. As will no doubt be appreciated, the internal structure of the garment 
is but an example. By other embodim^ts the garment may comprise two 
external layas sandwidiing a porous matrix between them; may comprise 

15 tubes or other conduits embedded or defined therein by welded lines; etc. 

A top view of a garment in accordance with anoth^ embodim^t 
shown in open k^rout, and generally designated 20, can be seen in Fig. 2. The 
garment 20 has openings 22 and 24, which allow, when the gannent is fitted 
on a person, access to the underlying skin portion, e.g. for skin tenq)erature 

20 measurements, for injection, etc. Rather than openings 22 and 24 the ^rment 
may also be provided with flaps serving a similar purpose. The garment is 
provided whh several cuts 28, 30 and 32 for fitting of the garment on the 
individual, as can be seen in Fig. 3. The garmoit which may have a similar 
intMnal structure to tiiat shown in Fig. IB, is fi)rmed with weld lines 34A, 

25 34B, 35, 36A and 36B which togeflier define a fluid flow path as represented 
by arrowed lines 37A^ 37B, 37C and 37D extending between the fluid inlet 
44 and outlet 46. In fliis case, the garment is structured such that the chest and 
abdominal portion of tiie individual are left open, &us rendering tiiis garmmt 
suitable for chest and abdraiinal surgery. For other surgical q>plications, the 
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gannent may assume a variety of difTaent shapes. In addition, the gannent 
may also be provided in various sizes for fitting individuals of difforai 
weights, gmda; age, 

The gannent may be made of a variety of different materials including 
5 febrics, plastic n^atmalR, etc The garmmt should prefmbly be flexible and 
elastic to allow it to fit over an individual's body. Hie outer laya of the febric 
may be coated with a heat insulating material, to prevent heat transfer to tfie 
external environmenL In addition, the garment may have an intonal soft 
lining such as feh, in order to avoid occunoice of pressure wounds. 
10 Furthermore, as will be e}q>lained vnAi referaice to Fig. S, the garment 

may be provided witti an intenial fluid absorbent layer. 

The garment may be made f<n: multiple use, or occasionally may be 
made disposable. The garmmt made for multiple use should be made of such 
materials as to allow its sterilization by any one of a plurality of stoilization 
15 means known per se. 

As can be seen in Fig3. 2-4, fluid inlet/outlet tubing? 44, 46 are 
ccHmectable to a liquid temperature control unit 48 (sem in Fig. 4). 

In order to allow easy fixing and removal of the garment, it is typically 
provided with detachable fixing means, such as a hook and pile (e.g. 
20 Velcro™) type attadunent members 50. 

Fig. S is a planar view of a garment 120 in accordance with another 
embodiment of fbt invention, still in an open position, prior to fixing it over 
the patienfs body. In this figure, like refiarence numwals to those of Figs. 2-4 
were used, with a '700" index (namely with a prefix) and the reader is 
25 referred to the description relating to Figs. 2-4 for their e^lanation. Furtfier 
seen in Fig. 5, are matrices 50 which are made of an absorbent material. 
Typically, such a malrix has a fluid permeable layer, and a hygroscopic 
mateial cq>able of absorbing liquids and retaining them within. Such 
matrices of liquid absabent prq>erties, are readily known in the art, and a 
30 detailed description of their structure goes b^ond the present writing. 
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Also sGca in Fig. S, are skin-tanprnture sensing probes 60 and 62 and 
a rectal tempaature probe 64 for measuring core temperabire. In adctition, 
other ^es of temperature measuring devices may be provided, e.g. an 
intra-ear temperature measuring device^ an infirared sensor for measuring skin 

s temperature, an oral traip^ature measuring device for measuring core 
temperature, etc. As explained above, die skin temperature is measured, in 
accordance with one embodiment of die invention, in order to detennine ttie 
heat transfo dynamics (ETTD) of the skin. For the same purpose, as an 
alternative to measurement of skin temperature, other parameters may be 

10 measured which include skin color; skin conductance, peripheral blood 
pressure, temperature drop of the heating or cooling fluid (as will also be 
outlined below), as well as any odicar parameters whidi can give an indication 
of occurrrace of vasoconstriction or vasodilatation. 

In addition, advantageously, tempaature sensing devices 70 and 72 for 

15 measuring inlrt and outlet fluid traiperaturc may also be provided. Such 
information may also be utilized for die rate of heat transfer between die heat 
exchangei; namely the garment, and die skin in order to assess the HID. 

A sdiematic representation of the systm in accordance with andher 
embodiment of the invention can be seen in Figs. 6 and 7. A patient 80 as 

20 shown herein is provided widi a gannent 220 (shown schematically as a 
rectangle in Fig. 5). In Figs. 6 and 7, die same refia:ence numerals to diose 
used before arc used, where ^plicable, witti "200" index. Garment 220 is 
provided with a fluid inlet 244 and outiet 246 and widi a continuous fluid 
conduit or a c(mtinuous porous space 240 between them, ^bedded in 

25 gsrment 220. A plurality of sensing devices shown herein schematically as 
component 90, transmit data sigqals reflecting the patient's physiological 
parameters, are transmitted to controller 94. 

The syst^ of this embodiment is adapted for both heating or cooling 
the patient By one embodiment, hot fluid and cold fluid are provided from 
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respective, independent hot and cold Suid reservoirs 96 and 98. Eadi of die 
reservoirs has respective fluid inl^ 101, 102 and respective fluid outlets 103, 
104. The system is provided with a pump 105 for propelling fluid within the 
system. 

5 The system is provided with two flow control valves 106 and 107, for 

selectively transferring return fluid to or drawing fluid fiom one of the two 
res^oirs. Pump 105 and flow control vah^es 106 and IVJ, are dectrically 
operated by controller 94 flirough command lines, 108, 109 and 110, 
respecdvety. 

1 0 When switching fiom a heatmg mode to a cooling mode or vice versa, 

the flow control valves are switched accordingly. In accordance with one 
embodiment of the invention, the fluid outlet 246 is provided vn± a heat 
sensor 272 which allows switching of the returning fluid firom one reservoir to 
another only upon sensing an abrupt temperature change by s^ing 

15 device 272, yAndi thai transmits a data signal to controller 94 which in turn 
causes flow control valve to switdL The arrangement is such that the first 
flow control valve to be switched will be vah« 107 and ii^ for example, flie 
switch was fiom a cold fluid to a hot fluid, valve 106 will contmue to direct 
the return fluid into resavoirl02 and (mty iqpon registering an simxpt 

20 temperature drop by sensor device 272 will be return fluid be channeled to 
reservoir 96. 

In otho- embodiments, such as that shown in Fig. 8, heating and 
cooling of the woridng fluid is carried out "on-line '* by a heat pimip operating 
as heater/cooler unit Such a unit which may, for example, be provided with 
25 Peltier effea heat pumps, may easily be controlled to either heat or cool the 
fluid passing thoreduough. 

A schematic description of a syston in accordance with an 
embodiment of Ae invention can be seen in Fig. 8. Here again, Uke reference 
to those used previously in the description, with a ' '300 " index were used and 
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the reader is lefored to the previous description for explanation of tfaeir 
fimction. ControllCT 394 is provided with a display 311 to display the 
registered parameters, e.g. measured core tempa:ature, the measured skin 
temperature, the desired core tenqjerature, flow rate, fluid tanperature, etc. In 

5 addition, controller is provided witii a control panel 312 and a processor 313. 
The pit)cessOT 313 receives data signals fiom all sensing devices (core 
ten]|>erature measuring device 364, skin temperature measuring device 362, 
an optional infiared sk]n-tempa:ature measuring device 314, and otiim). In 
addition, the processor also receives tenq>efature data fcom inlet and outlet 

10 fluid temperature sensing devices 370 and 372 and temperature registered in 
heating/cooling device 315 by means of a sensor 316. Device 315 may for 
example be a Peltier effect heat pump, as known perse. In addition, die 
controUer controls the flow rate of pump 308 via conunand line 317 and 
controls the temperature of device 315 ti[ux>ugh line 318. 

15 On the basis of the various data signals registered by the processor, and 

impl»nenting various algc^itfams designed in accordance with the general 
teaching of the invention, e.g. that exemplified below, the flow rate of the 
fluid and/or the temperature of the fluid may be controlled. Various servo 
loops may be implonented ftroug^ processor 313 for {Hoper control of ttie 

20 various parameteis. 

Fig. 8 shows an algorithm, by way of blodced diagram, of the various 
computational steps of the algoriftm operating in a processor in accordance 
with the embodiment of the invention. Contrary to previous figures, the 
reference num^als used in this figure have no bearing to previously used 

25 reference numerals. 

In a first decision step 410 tiie system is initiated and integrity is 
chedced. If tiie system detects a feult, in any of its components, a systan shut 
down sequence 412 is initiated. In die initiation step, the various operational 
modes are set These may be automatic, heating only or cooling only modes. 
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Otfa^ parameters which may be set by Ae user are minimal , and 
maximal pamitted tempoature of the heat transfo: liquid, typically water to 
prevent tissue damage as well as discomfcat to the patient, particularly when 
not under ^nerai anesthesia. 

s In die next two decision making steps 414 and 416, the actual water 

temperature (designated in the figure as 'WATER JEA4P'') is cotnpaiedtottkt 
maximally allowed water temperature ("HIGH TEMP") and to the nunimal 
allowed water ten^)erature {"LOW TEMP"). In case in stq) 414 the water 
temperature is found to be above the HIGH TEMP limit, a cooling 

10 sequence 418 is initiated, and in the case the water is found in step 416 tote 
too cold, die heating sequence 420 is initiated. 

At the next decision step 422, a mode is selected based on the user's 
input, between cooling only mode, heating only mode or automatic mode, 
designated 424, 426 and 428, respectively. 

15 In the first decision step 430 of the heating mode, die body core 

temperature {"CORE TEMP") is ccmpaied to the desired body core 
temperature ("SETPQDVr")- Whw the body core temperature is found to be 
above the set point, Ae system is primed to enter to a standby mode 432, 
namely the heating fimction is terminated. During the standby mode, the core 

20 t^perature is continuously measured and compared to the set point 

Whm the core teniperature is determined to be below die s^ point, the 
water tenqiCTature is compared to die high tempCTature at 434 and if the water 
temperature is below die high temp, die heat mode 420 is initiated. If die 
water temperature is found to be above high temp, the system is primed ag?in 

25 to alter into a standby mode 432. 

In die first dedsicm making stq) 440 of the cooling mode 424, die 
body core tra4>erature is compared to the.set pomt and if found to be below 
the s^ point, the system is primed into standby mode 432. If the core 
tempCTature is below the set point, die system deteraimes whediar 
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vasoconstriction of the skin has occulted 442. If there is no vasoconstriction, 
the cooling mode progresses into a next decision making step 444 where tfie 
water tonperature is compared to flie minimal allowed temp^ature. If water 
teanperamre is less than LOW TEMP then the system is primed to ent^ into a 

5 standby mode 432, and ifabove, the cooling sequmce 418 is initiated. 

In step 442, if vasoconstriction is found to have occurred (i.e. low heat 
conductance between the core and the periphery) notwithstanding the &ct that 
diere is a cooling mode, a heating sequmce is initiated. When 
vasoconstriction is determined to have ceased, the cooling sequence is 

10 reinstated 

In a first decision making step 450, of Ae automatic mode 428, the 
cx)rc temperature is compared to the set point, if found to be below the set 
point, the system alters the heating mode 426. If the core tempCTature is 
found to be below the set point, the sequence proceeds to the next decision 

1 5 making stq) 452 and fliere, if flie core traipCTature is foimd to be above tfie set 
point, tfie coolmg sequence 424 is initiated If die core tempeiature is found to 
be below fte set point, Ae ^stan is drifted towards the standby mode. 

In the algorism described above, the only paramo controlled is the 
wat» temperature. It should be appreciated, that in other embodiments, 

20 parameters such as flow rate ofthe heat trarisfe fluid na^ also be controlled. 
In addition, various other parameters, sudi as blood temperature, based on 
data imported from artificial heart-hmg apparatus, voay also be fectored in ttie 
system's output 

As will be aqipreciated, the determination of the occurrence of 
25 vasoconstriction may be based on a variety of parameters, as noted above in 
the description, making use of data received firom one or more of the above 
desoribed sensing devices. 
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CLAIMS: 



1. A ^stem for controllmg an individual's body core temperature (BCT) 
cmnprising: 

5 - a heat exchanger for transfening heat to or removing heat from 

portions of the individual's body sur&ce; 

at least one BCT-sensing device for measuring the individual's 
actual BCT (aBCT) and raiitting an aBCT data sigpal; 

at least one seising device for measuring a parameter indicative 
10 ofthe heat transfer dynanMCs(HTD) between the body surfed 
core, and emitting an HID data signal; and 

a control module for receiving data signal from measuring 
devices, comprising the aBCT data signal and the HTD data signal, and for 
emitting a control signal for controlling heat exchange properties of said heat 
15 exchanger as a fimction of the data signals and a desired bocfy core 
temperature (dBCT). 

2. Asystem according to Claim 1, whoein said heat exchanger comprises 
one or more conduits for passing heat control fluid therethrough, for 
transferring heat to or absorbing heat from the individual's body surfece. 

20 3. A system according to Claim 2, v^erein the heat exchanger is couple 
to a device for circulating the heat control fluid through the conduits. 
4. A Systran according to Claim 2 or 3, comprising one or more devices 
for measuring ten^^etature of the circulating fluid and for emitting data signal 
relating thereto to the controUer. 

25 5. A system according to any one of clainos 2-4, wherein said fluid is a 
liquid. 

6. A system according to any one of tibe preceding claims, wherein said 
heat exchanger is m a form of a g^nnent to be worn over a portion of the 
body. 
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7. A system according to any one of tfie preceding claims, for use in 
control of a padenf s body temperature during or after general anesthesia or in 
a perioperative period 

8. A system according to Claim 7, wherein said heat exchanger is in a 
5 form of a garment to be worn over a portion of the body. 

9. A system according to Claim 8, vdierein said garm^t has openings 
pennitting access for surgical procedures, for parental administration or for 
drainage of fluids. 

10. A system according to Claim 7 (m* 8, wherein at least a portion of die 
10 garment is fitted widi a ranovable and flexible liquid absorbent matrix. 

U. A system according to any one of the preceding claims, wherein said 
sensing device for measuring a parameter indicative of said HID includes a 
device for measuring temperature at a sidn portion proximal to a skin portion 
on which tibe heat exchange is ^plied, and determination of the HTD is 
15 based on assessing the rate of tenqierature dbange. 

12. A system according to any cme of claims 1-10, whoein said sensing 
device for measuring said skin parameter includes a device for measuring 
tempendure at a skin portion proximal to a skin portion on which tiie heat 
exchanger is s^lied, and determination of the HTD is based on determining 

20 Ihe rate of dbange of tenq>erature diffemce between said skin pcotion and the 
body core. 

13. A syston according to Claim 4 or 5, comprising at least one inlet 
temperature sensing device for measuring tmiperature of die fluid as it enters 
the at least one conduit, and at least one outlet temperature sensing device for 

25 measuring temperature of fhe fluid as it »dts die at least one conduit, these 
sensing devices being coupled with the controller and emitting re^ective data 
signals thereto; fhe controller calculating said HTD based on the inlet/outlet 
temperature differmtiai and on the fluid flow rate. 

14. A system according to any one of the preceding claims, wherein said 
30 surfece parameter comprises a parameter selected from the groi^ consisting 
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of body's sur&ce temporatiire, skin color, penphml skin blood pressure^ 
electrical skin, conductance of tiie skin, edio doppler signal. 

15. A syston according to any one of Ae preceding claims, wherein during 
healing or cooling, the heating or cooling operation, respectively, is 

5 occasionally temporarily halted or reversed to respective cooling or heating. 

16. A system according to Claim 15, wherein halting or reversing of 
heating or cooling is automatically performed when determined HID 
indicates reduction in heat transfa- properties between the periphery and the 
body *s core, signifying the occurroice of vasoconstriction, 

10 17. A system according to any one of the preceding claims wherein tiie 
controller has a cooling operational mode, a heating operational mode and an 
automatic operational mode for heating or cooling depmding on the 
difference between core temperature and desired core temperature. 

18. A system according to any one of the preceding claims, comprising a 
15 user control interface pamitting a usor to set Ae dBCT, or set Ae system to 

operate in dther of a cooling operational mode, a heating operational mode or 
an automatic operational mode. 

19. A system according to any one of ttie preceding claims, wherein the 
temperature of the heat exchanger is maintained between a minimum and a 

20 maximum temperature to avoid tissue damage in view of e3q)osure to access 

heating or cooling. 

20. A system according to any one of the preceding claims, wherein the 
heat ^changer is formed with at least two indi^dually flow-controlled flow 
sub-systems. 

25 21. A system according to any one of Claims 2-5, comprising at least one 
electric fluid heatii^cooling luut and the fluid is directed to flow tfarou^ 
saidurut 

22. A system according to any one of Claims 2-5, comprising at least one 
cold fluid reservoir and at least one hot fluid reservoir and a fluid flow control 
30 system for selectively drawing fluid from these res»voirs. 
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23. A system according to Claim 22» wherein the fluid flow conlxol system 
permits returned fluid to flow back into the reservoir fixm vAdch it was 
drawn. 

24. A systan according to Claim 22 or 23, comprising at least one 
5 twnperature saising device measuring temperature of the fluid flowing out of 

* said heat exchanger, and upon change of drawn fluid from one reservoir to 
anotho* die fluid flow control syston initially directs the return fluid to said 
one reservoir and when said sensing device senses a substantial tmiperature 
change it directs the return fluid to said other reservoir. 
10 25. A method fiw: controlling internal body temperature of an individual, 
comprising the foUowing steps: 

(a) defining a desired body core temperature (dBCT); 

(b) providing a heat exchanger in contact with at least a portion of 
the individual's external bodjy sur&ce, for heat transfer to or heat r^oval 

15 from the body portion; 

(c) continuously measuring parameters including at least the actual 
body core temperature (aBCT) and a parameter indicative of the heat transf<^ 
dynamics (HTD) betwem the body's surface and the body* core; 

(d) in a processor, receiving data signals corresponding with the 
20 measured parameters, comparing the aBCT with the dBCT, defining based 

thereon whether flieie is a need for healing or cooling and emitting a control 
signal controlling heat transfer properties of said heat exdianger based on the 
aBCT/dBCT difference and on said KID. 

26. A method according to Claim 25, wherein the heat transfer to and &om 
25 the body portion is achieved by transfer ofheat control fluid througib said 

exdiango:. 

27. A method accmding to Claim 26, wherein said fluid is a liquid. 

28. A method according to any one of Claims 25-28, for controlling of a 
patioif s body tanperature during or after general anesthesia. 

30 29. A method according to any one of Claims 25-28, comprising 
continuously monitoring a temperature at a skin portion pro}dnxal to a skin 
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portion in whidi tiie heat rachang^ is applied, and determining said HID 
based on the rate of temperature diange at said skin portion. 

30. A mediod according to Clsums 25-28, comprising continuously 
monitoring traiperature at a sidn portion proximal to a ^cin portion in vAndi 
tiie heat exchange is applied, and determining said HID based on 
determining the rate of change of temperature at a difference between said 
skin portion and the bocfy core. 

31. A method according to Claim 26 or 27, comprising continuously 
monitoring the inlet fluid twnperature, namely the tanperature of the fluid 
entering said heat exchanger, and the ouflet fluid temperature, namely the 
tempCTature of the fluid as it exits 6om said heat exchanger, and said HID is 
calculated based on the inlet/oudet temperature differential and on the fluid 
flow rate. 

32. A method according to any one of Claims 25-31, \^»ein said 
parameter indicative of said HTD is selected fiom the group consisting of 
body's stjrfece temperature, skin color, peripheral skin blood pressure, 
electrical skin, conductance of the skin, echo doppler signal. 

33. A mefliod according to any one of Claims 25-32, ^^erein during 
heating or cooling, the heating or cooling operation, respectively, is 
occasionally temporarily halted or reversed to respective cooling or heating. 

34. A method according to Claim 33, wherem the halting or reversing of 
the heating or cooling, is porformed \^en said parameter is indicative of said 
HTD, indicates the occurrence of vasoconstriction. 
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